Abstract The major objective of this study was to locate the vulnerable areas in terms of fluoride contamination.
Introduction
Fluoride is an essential microelement for human health. However, if present in excess it contaminates groundwater. Fluoride is a major contaminant of groundwater reserves globally. Statistically, smaller quantities (\1.0 mg L -1 ) in drinking water are usually considered to have a beneficial effect on the rate of occurrence of dental caries, particularly among children (WHO 2006) , but excessive continuous exposure ([1.5 mg L -1 ) to fluoride can give rise to a number of adverse effects, including dental fluorosis, skeletal fluorosis, increased rate of bone fractures, decreased birth rates, increased rate of urolithiasis (kidney stones), impaired thyroid function, and impaired development of intelligence in children (WHO 2006) . Fluoride concentration is an important aspect of hydrogeochemistry, because of its impact on human health. The main potential health risks from fluoride are considered to be fluorosis or bone disease. Drinking water is a major source of human intake of fluoride, including its subsequent incorporation into food items. In skeletal fluorosis, high dose of fluoride replaces bone calcium in the form of calcium fluoride, and bones become soft, crumble and chalky white. In human health, high levels of fluoride are related to bone and teeth diseases as well as with negative effects on the reproductive and nervous systems (Edmunds and Smedley 1996) . Fluorosis is a considerable health problem worldwide, which is afflicting millions of people in many areas of the world, for example East Africa, Turkey, India, southeastern Korea, China, Japan, Sri Lanka, Iran, Pakistan, Turkey, Algeria, Mexico, Korea, Italy, Brazil, Malawi, Jordan, Ethiopia, Canada, Norway, Ghana and Kenya.
In India, the excessive presence of fluorides in groundwater is present in nearly 177 districts covering 20 states and Telangana is one of them (Narsimha and Sudarshan 2016) . In the early 1930s, fluorosis was reported only in four states of India, in 1986 it was 13, in 1992 it was 15, in 2002 it was 17, and now it is 20, indicating that endemic fluorosis has emerged as one of the most alarming public health problems of the country (Ayoob and Gupta 2006) . Fluoride is present in the form of naturally occurring minerals as fluorite (CaF 2 ), apatite [Ca 5 (PO 4 ) 3 F], cryolite (Na 3 AlF 6 ), topaz, tourmaline, muscovite, biotite, hornblende and villianmite (Handa 1975) . Fluoride concentration in natural water depends on various factors such as temperature, pH, solubility of fluorine-bearing minerals, anion exchange capacity of aquifer materials (OH -for F -), and the nature of geological formations drained by water and contact time of water with a particular formation (Mithas Ahmad Dar et al. 2011) . The fluoride in drinking water is mainly reported in the hard rock terrains in India (Handa 1975; Reddy et al. 2010) . A number of cases of fluorosis have been reported mostly from the granite and gneissic complex of different states such as Telangana State (Ram Mohan Rao et al. 1993; Sudarshan 2013, 2016) , Andhra Pradesh (Nagaraju Arveti et al. 2011), Odisha (Kundu et al. 2001 ). The present study region forms a part of the stable Dharwar Craton of the South Indian shield. It exposes rocks of peninsular gneissic complex (PGC), Dharwar Supergroup, and also of Deccan Traps. The PGC, which covers most of the area, comprises granites and gneisses. The Archaean crystalline rocks are represented by pink and grey granites and gneisses. Grey granites occupy dominant portion of the area. These rocks are composed of quartz, feldspars, biotite and hornblende. These are medium-grained to coarsegrained and equigranular in texture. The typical grey colour is due to the presence of the plagioclase feldspar and quartz. Pink granites are generally coarse and porphyritic and composed of potash feldspars, quartz, plagioclase, biotite and hornblende with some accessories. The main objective of this study is to assess fluoride concentration in groundwater and its relationship between the physicochemical parameters.
Materials and methods
Groundwater samples of 34 locations around Basara, Adilabad District, Telangana State, were collected in prewashed polyethylene narrow-mouth bottles (Fig. 1) . Samples were collected only from the bore well/hand pumps, which are in regular use for drinking purposes. Groundwater was collected after pumping the wells for 5-10 min and rinsing the bottles for two to three times with water to be sampled. For sample collection, preservation, and 2-and NO 3 -were determined by colorimetry with an UV visible spectrophotometer. The fluoride concentration in water was determined electrochemically, using a fluoride ion-selective electrode (APHA 1995) . This method is applicable to the measurement of fluoride in drinking water in the concentration range 0.01-1000 mg L -1 . The electrode used was an Orion fluoride electrode, coupled to an Orion electrometer.
Results and discussion
The various physico-chemical parameters obtained from analysis of water samples from Basara area are presented in Table 1 . The geochemical trend of groundwater is shown in a box plot (Fig. 2) (Fig. 3a, b) , suggesting anthropogenic sources such as sewage, household waste, etc. (Williams et al. 1999; Subrahmanyam and Yadaiah 2000; Choi et al. 2005; Jalali 2009 ). The fluoride content of the groundwater is in the range 0.06-4.33 (1.13 ± 0.90) mg L -1 and the average value is 1.13 mg L -1 with the highest fluoride level at Karegaon village (4.33 mg L -1 ) and lowest at Bederelli village (0.06 mg L -1 ). The highest fluoride-bearing areas are found to be coincidental with the lowest calcium and high bicarbonate values (Table 1 ). In terms of % contribution, the fluoride level [1 was observed in 41% at 14 locations (Table 1; W5, W6, W10-W14, W18, W20-W25, W34) and 20% of the groundwater has more than 1.5 mg L -1 of fluoride at seven locations (Table 1 ; W5, W6, W10, W11, W18, W22, W24), which is not useful for drinking purpose. The spatial distribution of fluoride in groundwater samples in the study area is shown in Fig. 4 , with contour levels. Higher concentrations ([1.5 mg L -1 ) of fluoride are noticed in the northeastern part of the study area where the geology of the study area is complex, comprising the pink granites. The lowest concentration is noted in the central to southern part of the study region. Few patches of fluoride with concentrations ranging between 1.8 and 2.4 mg L -1 are noticed in the corner of south-western, above middle part of the study province. However, major ion chemistry of groundwater is examined by using (Piper 1944 ) trilinear diagram (Fig. 5a ) to identify chemical alteration in groundwater. The groundwater samples plotted in all the zones of the anions plot field (triangle on the right) revealed that the majority of the samples plotted towards the HCO 3 -? CO 3 2-corner for only a few and remaining towards elevates the chloride type, indicating the predominance of this anion in the groundwater (Fig. 5a) . Similarly, the samples plotted in all the zones of the cation plot field (triangle on the left) revealed that the majority of the samples are falling towards the Na ? ? K ? corner and decreasing the calcium ions, indicating the prevalence of sodium and potassium. Furthermore, the diamond-shaped field of the Piper diagram can be classified into (1) (Fig. 5a ). It is also evident from Fig. 5b that the fluoride concentrations are increasing with increase of Na ? /(Na ? ? Ca 2? ), since Na ? replaces Ca 2? in a cationexchange process, leading to enhancement of fluoride concentration in groundwater (Su et al. 2013; Li et al. 2014a, b) .
Correlation analysis was employed to understand the interrelationship between fluoride and other physicochemical parameters (Table 2 ). The results of this analysis indicate that only pH shows significant correlation with fluoride (r = 0.564; Table 2 ). The values of pH for the majority of the high-fluoride groundwater samples are within the range 7.16-8.03, indicating that the high-fluoride groundwater is commonly alkaline water. Thus, it is the higher alkalinity of groundwater which activates the leaching of fluoride resulting in its higher concentration (Tiwari et al. 2008) . Several studies suggested that the increase in the fluoride concentration in groundwater was accompanied by increasing the sodium concentration as well as pH, and interpreted this as an indication that high sodium, pH values increase the release of fluoride or exchanging of fluoride by OH - (Moghaddam and Fijani 2008) . Groundwater with high fluoride generally contains low levels of calcium. The calcium ion activity in the natural environment is controlled mainly by carbonate ion, which forms insoluble calcite. This is because the corresponding to high fluoride in the water has earlier been reported by Maina and Gaciri (1984) , and also in agreement with earlier observations (Handa 1975 ) that elevated fluoride in the groundwater was generally associated with low calcium (Fig. 6 ) and a high amount of bicarbonates (Table 1) is in line with the findings of Chae et al. (2007) , He et al. (2013) , and Narsimha and Sudarshan (2016) (Figs. 7, 8 ) and therefore, the findings of the present study are in close proximity with earlier studies conducted in Nalgonda, Pamber, Vaniyar and Vellore districts Sajil Kumar 2012; Brindha et al. 2016) . However, there is no appropriate correlation between fluoride and nitrate; consequently, it reveals that the fluoride is geogenic and nitrate is anthropogenic (Fig. 9) . Eventually, the granite bedrock containing fluorine-bearing minerals like apatite, biotite and hornblende is responsible for the elevated concentration of fluoride in the groundwater of the Basara region. When these minerals come in contact with groundwater, they dissolve, which leads to the increase of fluoride in groundwater.
The Gibbs diagram is extensively used to assess the dissimilarity between groundwater controlled by rock-water interaction (i.e., leaching and dissolution), evaporation and precipitation processes (Gibbs 1970; Feth and Gibbs ) as a function of TDS (Gibbs 1970) Appl Water Sci (2017 Sci ( ) 7:2717 Sci ( -2725 Sci ( 2723 1971; Narsimha and Sudarshan 2016; Reddy et al. 2016) . The groundwater samples fall in the rock-water interaction dominance, few samples are under evaporation dominance zones and none of the groundwater sampling points lie in the precipitation dominance process (Fig. 10a, b) . The predominance of rock-water interaction or weathering processes probably indicates that the geochemistry of groundwater over the area is due to influence of weathered rocks in groundwater fractured zones. Therefore, high concentration of fluoride in groundwater is derived from the rock-water interaction, i.e., weathering of minerals and accessory minerals present in the granite and gneissic rocks in the study area. Many investigations note that the relationship between F -and TDS is due to the considerable influence of rock-water interaction on fluoride enrichment as well as other major components (Wang et al. 2009; Mamatha and Rao 2010; Li et al. 2014a; Narsimha and Sudarshan 2016) . Thus, geochemical behaviour of groundwater from the study area suggests that the highfluoride groundwater contains concentrations of Na ? and Ca 2? , which are greatly influenced by the cation exchange and has high alkalinity. However, weathering of rocks and leaching of fluorine-bearing minerals are the major reasons which contribute to elevated concentration of fluoride in groundwater (Patel et al. 2014; Jagadeshan et al. 2015) . It has to be considered that the groundwater with high-fluoride concentration was significantly affected by geogenic activity.
Conclusion
The study area of Basara region forms a part of Adilabad district of Telangana State, South India. The present study reveals that it is mildly acidic to alkaline in nature. It is observed that 20% of groundwater locations possess enrichment of fluoride concentrations above 1.5 mg L 
